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US 7,514,012 B2 
1. 

PRE-OXDIZATION OF DEFORMABLE 
ELEMENTS OF MICROSTRUCTURES 

TECHNICAL FIELD OF THE INVENTION 

The present invention is related generally to the art of 
microstructures, and, more particularly, to processing 
deformable elements of microelectromechanical devices. 

BACKGROUND OF THE INVENTION 

Microstructures having deformable elements, such as 
microelectromechanical devices may suffer from device fail 
ure when the deformable elements experience plastic defor 
mation that exceeds a tolerable amount. For example, a 
micromirror-based spatial light modulator is a type of micro 
electromechanical device and comprises an array of micro 
mirrors. Each micromirror has a mirror plate attached to a 
hinge such that the mirror plate can rotate. In operation, the 
mirror plate rotates in responses to an electrostatic field, and 
the hinge deforms. Mechanical properties of the deformable 
hinge and the attachment of the hinge to the mirror plate 
determine the operation of the micromirror and thus, the 
performance of the spatial light modulator. 

Therefore, a method is desired to process the deformable 
element of the microstructure for reducing the plastic defor 
mation during operation so as to improve the life time of the 
microstructure. 

SUMMARY OF THE INVENTION 

In view of the forgoing, the present invention teaches a 
method for processing the deformable element of the micro 
structure for reducing plastic deformation by oxidizing the 
deformable element. The processing method can be per 
formed at different stages of the fabrication and packaging 
process. Specifically, the method can be performed before or 
after patterning of the deformable element during the fabri 
cation. The method can also be performed when a portion of 
the sacrificial layers is removed or after the sacrificial layers 
are fully removed. The method can also be implemented after 
the microstructure has been released and before packaging 
the released microstructure. Moreover, the method of the 
present invention can be performed during the packaging 
stage but before the package is hermetically sealed. 

In an embodiment of the invention, a method for process 
ing a deformable element of a microstructure is disclosed. 
The method comprises: deflecting the deformable element to 
a deflected state; and oxidizing the deformable element in an 
oxygen-containing gas other than air while the deformable 
element is in the deflected state. 

In another embodiment of the invention, a method of pro 
cessing a deformable element of a microelectromechanical 
device is disclosed, wherein the deformable element exhibits 
a droop at a natural rest state. The method comprises: oxidiz 
ing a material of the deformable element equivalent to at least 
20 percent in thickness or volume of the deformable element 
by exposing the deformable element in an oxygen-containing 
gas other than air so as to reduce the droop. 

In yet another embodiment of the invention, a method of 
making a micromirror device is disclosed. The method com 
prises: providing a substrate; forming a mirror plate and hinge 
on a sacrificial material on the substrate such that the mirror 
plate is attached to the Substrate via the hinge; removing the 
sacrificial material using a vaporphase etchant; and oxidizing 
the hinge in an oxygen-containing gas other than air. 
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2 
In yet another embodiment of the invention, a method of 

making a micromirror device is disclosed. The method com 
prises: providing a Substrate; forming a mirror plate and hinge 
on a sacrificial material on the substrate such that the mirror 
plate is attached to the Substrate via hinge; removing a portion 
of the sacrificial material using a vapor phase etchant Such 
that at least a portion of the hinge is exposed; oxidizing the 
exposed hinge in an oxygen-containing gas other thanair; and 
removing the remaining sacrificial material. 

In yet another embodiment of the invention, a method of 
making a micromirror device, comprising: providing a Sub 
strate; depositing a hinge layer and a mirror plate layer on a 
sacrificial material on the Substrate; oxidizing and patterning 
the hinge layer to form an oxidized hinge; and removing the 
sacrificial layer. 

In yet another embodiment of the invention, a method of 
making a micromirror device is disclosed. The method com 
prises: providing a Substrate; forming a mirror plate and hinge 
on a sacrificial layer on the substrate such that the mirror plate 
is attached to the Substrate via the hinge; removing the sacri 
ficial layer; and cleaning and oxidizing the micromirror 
device, further comprising: providing a gas that is an oxygen 
containing gas other than air, the oxygen-containing gas both 
cleaning and oxidizing at leasta Volume equivalent to 25% in 
thickness of the hinge of the micromirror device; and cleaning 
the hinge using a cleaning agent other than the oxidization 
gaS. 

BRIEF DESCRIPTION OF DRAWINGS 

While the appended claims set forth the features of the 
present invention with particularity, the invention, together 
with its objects and advantages, may be best understood from 
the following detailed description taken in conjunction with 
the accompanying drawings of which: 

FIG. 1 is a portion of a system for processing a microstruc 
ture according to the invention; 

FIG. 2a is a perspective of a portion of an exemplary 
micromirror device having a deformable hinge to which a 
mirror plate is attached; 
FIG.2b is a side view of the micromirror device of FIG.2a 

showing different rotation positions of the mirror plate: 
FIG. 3 plots the droop angle versus processing time for 

different samples at different processing environments; 
FIG. 4a is a cross-sectional view of the micromirror device 

of FIG. 2a during an exemplary fabrication process in which 
an embodiment of the invention may be implemented; and 
FIG.4b is a cross-sectional view of the micromirror device 

of FIG. 4a after removal of the sacrificial layers. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

The present invention discloses a method for processing a 
deformable element of a microstructure by oxidizing the 
deformable element so as to reduce plastic deformation for 
improving the lifetime of the microstructure. 

Turning to the drawings, FIG. 1 illustrates a portion of a 
processing system. In order to oxidize a deformable element 
of microstructure 102, the microstructure is placed in cham 
ber 100. The chamber may be an oven, an etch chamber in 
which sacrificial materials of the microstructure is removed, 
or a fabrication chamber in which elements of the microstruc 
ture are fabricated (e.g. deposited and patterned). The cham 
ber is connected to an oxygen-containing gas source such that 
the oxygen-containing gas can flow into the chamber for 
oxidizing the deformable element of the microstructure. 
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The oxidation method of the present invention can be 
employed to oxidize deformable elements composed of a 
variety of materials that are able to be oxidized. Specifically, 
the material of the deformable element may be selected from 
a group comprising: elemental metals, metalloids, metal 
alloys, intermetallic compounds and ceramics. The elemental 
metal is preferably a late transition metal and selected from a 
group comprising Al, Au, Cu, Pt, Co, Ir, Ti and Nb. The metal 
alloy comprises two or more elemental metals that are pref 
erably later transition metals. Exemplary metal alloys for the 
structural layers are AISc, and CuBe Exemplary intermetal 
lic compounds are Ti,Al, Ni,Al, and Ti,Ni. It is preferred 
that the intermetallic compound comprises a late transition 
metal. 

The ceramic is a compound of a metal and a non-metal. The 
ceramic for the structural layers of the present invention is 
preferably selected from a group comprising: metalloid 
nitride (e.g. SiN.), metalloid oxide (e.g. SiO), metalloid 
carbide (e.g. SiC), metalloidoxy-nitride (e.g. SiO,N), metal 
(and preferably transition metal) nitride (e.g. AlN, TiN and 
CrN), metal oxide (e.g. AlO.) and preferably transition metal 
(e.g. TiO, TaO, and CrO), metal (and preferably transition 
metal) carbide (e.g. TiC, TaC, and CrCl), metal (and prefer 
ably transition metal) oxy-nitride (e.g. TiO, N, TaO, N, and 
CrO.N.), metal (and preferably transition metal) silicon-ni 
tride (e.g. TiSi,N, TaSi,N, and CrSi,N), and metal (and 
preferably transition metal) silicon-oxy-nitride (e.g. TiSi 
O.N., TaSiON and CrSiO.N.). It is further preferred than 
the metal as a composition of the ceramic is a late transition 
metal, and the ceramic is not WN. The deformable element 
may also be composed of polycrystalline or amorphous or 
nanocrystalline materials. 

In order to oxidize the deformable element of the micro 
structure, the gas source connected to the chamber contains 
oxygen and/or other gaseous agents, such as oZone, water, 
hydrogen peroxide and acetic acid. The gaseous agent(s) can 
be energized using for example, downstream plasma. In par 
ticular, oxygen plasma can be introduced for oxidizing the 
deformable element of the microstructure in the chamber. 

Heater 104 is placed inside the chamber for adjusting the 
temperature inside the chamber. Alternatively, the heater can 
also be placed externally. In another embodiment of the 
invention, the heater can be built on a package Substrate on 
which the microstructure is held. In yet another embodiment 
of the invention, rather than providing an external heater like 
heater 104, the oxidation gas is heated to a desired tempera 
ture and introduced into chamber 100. In still yet another 
embodiment of the invention, an external energy source. Such 
as plasma or ultraViolet light source is provided for adjusting 
the temperature inside the chamber. According to the inven 
tion, the temperature inside the chamber for oxidizing 
deformable elements is preferably from 100° C. to 500° C. 
depending upon the pressure inside the chamber, the oxida 
tion agent, the materials of the deformable element and the 
structure of the deformable element. 

As an alternative feature, a pump (not shown) can be pro 
vided and connected to the chamber for adjusting the pressure 
inside the chamber. The processing method of the present 
invention can be performed under any suitable pressure. The 
ability of adjusting the pressure inside the chamber can be of 
more importance when the deformable element is enclosed 
within an assembly having a micro-opening, pressure or pres 
sure cycle is preferably applied to the chamber to expedite the 
oxidation. The high and low chamber pressures are alter 
nately applied over time. Consequently, a pressure gradient 
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4 
from the exterior to the interior of the assembly provides the 
efficient exchange of gas between the assembly and the rest of 
the chamber. 

During the oxidation process within the chamber, the 
deformable element of the microstructure can be at any 
desired State. Such as a natural resting state, an actuated State 
or in Switching between different states. As a way of example, 
the hinge to which a mirror plate of a micromirror device is 
attached is to be oxidized. The oxidization can be performed 
when the mirror plate is fully rotated to an ON or OFF state. 
The oxidation can also be performed when the mirror plate is 
in an intermediate state between the ON and OFF state or 
while actively switching between the ON and OFF states. 
The oxidation of a deformable element of the a microstruc 

ture may generally last for a time period of from 1 femtosec 
ond to 500 terahours or more depending upon many factors, 
Such as the environment of the oxidation (e.g. temperature 
and pressure inside the chamber), the material of the deform 
able element to be oxidized, the structure of the deformable 
element and the oxidation agent employed, which will be 
discussed in detail afterwards. After the oxidization, the elec 
trical resistance of the deformable element is around 2 times 
or higher, or 4 times or higher than the electrical resistance of 
the deformable element before oxidization. It is also desired 
to oxidize an amount of material equivalent to 20% or more, 
or 40% or more, or 60% or more of the volume within the 
deformable element. 

In the following, embodiments of the present invention will 
be discussed with reference to processing a micromirror 
device. It will be understood by those skilled in the art that the 
following discussion is for demonstration purposes only. It 
should not be interpreted as a limitation. 

Referring to FIG. 2a, a perspective view of a portion of an 
exemplary micromirror device is illustrated therein. Hinge 
110 is formed on glass substrate 106 that is transmissive to 
visible light. Mirror plate 108 is attached to the hinge such 
that the mirror plate can rotate relative to the substrate, which 
is better illustrated in FIG. 2b. The hinge deforms with the 
rotation of the mirror plate. The mirror plate may comprise 
multiple layers, such as a metallic reflective layer and a light 
transmissive protecting layer for protecting the inner layers of 
the mirror plate. 

Referring to FIG.2b, a side-view of the micromirror device 
along a diagonal of the mirror plate as represented by dashed 
line AA in FIG. 2a is illustrated therein. Solid line B in FIG. 
2b represents the natural resting state of the mirror plate. The 
natural resting state can be defined as the OFF state of the 
micromirror device, in which state the mirror plate of the 
micromirror reflects incident light away from the display 
target. Dashed line A represents an alternative OFF state, in 
which the mirror plate is rotated to an OFF state angle relative 
to the substrate. The OFF state angle can be of any desired 
angle, such as an angle of from -0.1° to -8° degrees relative 
to the substrate. In the OFF state, the mirror plate reflects 
incident light away from the display target to generate a 
“dark” pixel. Dashed line C represents an ON state of the 
micromirror device, in which state the mirror plate is rotated 
to an ON State angle that can be of any desired angle, such as 
an angle of from 0 to +18 degrees or more. In the ON state, 
the mirror plate reflects incident light onto the display target 
to generate a “bright pixel. 
The micromirror device can be of other suitable configu 

rations. For example, a mirror plate and hinge can be formed 
on a semiconductor Substrate. Specifically, the hinge is 
formed on a silicon substrate and the mirror plate is formed on 
hinge. 
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In operation, the mirror plate switches between the ON and 
OFF states over time in response to an electrical field. For 
example, assuming that the ON state angle is +14 degrees 
and that the OFF state angle is 0° degree (the natural resting 
state), the mirror plate rotates from 0 to +14 degrees and 
from +14 degrees to 0° degree over time. This desired rota 
tion may not be achieved when the deformable hinge suffers 
from plastic deformation. As a consequence, the mirror plate 
may not rotate back to 0° degree from +14 degrees. Instead, 
when the electrical field is removed and the mirror plate is 
expected to return to the 0° degree OFF state angle, the mirror 
plate will stop at an angle higher than 0° degree. This phe 
nomenon is often referred to as “droop'. And the angle is 
often referred to as “droop angle'. Because the change in the 
plastic deformation of the deformable hinge exceeds a certain 
amount, the shifts of the OFF state angle will cause an observ 
able change in the displayed images. The plastic deformation 
can be aggravated, and the droop angle can be accumulated 
when the micromirror is operated in an oxidizing environ 
ment. An accelerated measurement of the droop angle over 
time is shown in FIG. 3. 

Referring to FIG. 3, the accelerated measurement is per 
formed for the same micromirrors with and without pre 
oxidization and with and without hermetic packaging. The 
measurements are performed under the same conditions and 
with the same procedures. The line with open-circle repre 
sents the droop angle of the micromirror device that is neither 
hermetically sealed nor oxidized using the method of the 
present invention. It can be seen from the figure that the droop 
angle monotonically increases over time. In this example, the 
droop angle after 56 hours of the experiment is around 1.9° 
degrees. 
The droop angle can be reduced by hermetic packaging the 

micromirror device in nitrogen, as illustrated by line with 
solid-circle. The line with solid-circle represents the droop 
angle versus time measure from a micromirror that is hermeti 
cally packaged but not oxidized using the method of the 
present invention. The droop angles of the plot are measured 
in the same way as the line with open circles. It can be seen 
from the figure that the droop angle also monotonically 
increases over time. In this example, the droop angle after 56 
hours of the experiment is around 1.1 degrees. However, the 
droop angle is much less than the micromirror without her 
metic packaging (plotted in line with open-circles). Specifi 
cally, the droop angle of the micromirror inside a hermetic 
package is reduced by around 40 percent after 56 hours of 
experiment, and reduced by around 40 percent after 18 hours 
of experiment. 
The droop angle can be further reduced by oxidizing the 

deformable hinge of the micromirror according to the inven 
tion. 

In an embodiment of the invention, the deformable hinge of 
the micromirroris oxidized during the packaging stage before 
hermetically sealing the package. Specifically, the micromir 
ror device is attached to a package substrate followed by 
loading the package Substrate and the micromirror device 
attached thereto into the chamber of FIG. 1 in which case is 
preferably an oven. An oxygen-containing gas is then intro 
duced into the chamber for oxidizing the deformable hinge. 
The oxygen-containing gas can be selected from a group 
comprising: oZone, air mixed with water vapor, oZone mixed 
with vapor water, oxygen mixed with water vapor, oxygen 
plasma, hydrogen peroxide, acetic acid and other Suitable 
gases that can oxidize the deformable hinge. The hinge may 
be composed of an elemental metal, metalloid, metal alloy, 
intermetallic compound or ceramic. The hinge may also be 
composed of polycrystalline or amorphous or nanocrystalline 
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6 
materials. The oxidization can be performed at a temperature 
of from 100° C. to 500° C. degrees for a time period of from 
2 minutes to 500 hours or more, such as 50 hours or more, or 
100 hours or more or 200 or more, or 300 or more. During the 
oxidization, the mirror plate can be actuated to an angle of the 
ON or OFF state angle or an intermediate angle between the 
ON state and OFF state angle. Alternatively, the mirror plate 
can be switched between the ON and OFF state angles. 

During the oxidization, pressure may be applied to the 
chamber to expedite the oxidization. Specifically, the pres 
Sure inside the chamber can range from the vapor pressure to 
the condensation pressure of the oxygen-containing gas at the 
given temperature. In a situation that the deformable hinge is 
enclosed within an assembly having a micro-opening around 
10 micrometers or less, a pressure cycle is may be applied to 
the chamber to expedite the oxidation. The high and low 
chamber pressures are alternately applied over time. Conse 
quently, a pressure gradient from the exterior to the interior of 
the assembly provides the efficient exchange of gas between 
the assembly and the rest of the chamber. 
The line with the open-triangles in FIG. 3 plots the droop 

angle versus actuation time, wherein the micromirror is not 
hermetically packaged. As plotted in the figure, the droop 
angle is reduced as compared to the droop angles in micro 
mirrors not oxidized using the method of the present inven 
tion. For example, the droop angle after 56 hours of actuation 
is reduced by around 20 percent, and reduced by around 10 
percent after 18 hours of actuation compared to the droop 
angle from the micromirror device that is hermetically pack 
aged but is not oxidized using the method of the embodiment. 

In order to further reduce the plastic deformation of the 
deformable hinge, the micromirror device can be hermeti 
cally packaged. Specifically, the micromirror device is her 
metically sealed within the package following the oxidiza 
tion. An inert gas is preferably filled within the sealed 
package. The line with the solid-triangles in FIG.3 plots the 
droop angle versus experiment time. It can been seen from the 
plot that the droop angle is further reduced as compared to the 
droop angles in micromirrors that are oxidized using the 
method of the embodiment but is nothermetically packaged. 
For example, the droop angle after 56 hours of oxidization is 
reduced by around 64 percent, and reduced by around 47 
percent after 18 hours of actuation compared to the droop 
angle from the micromirror device that is not hermetically 
packaged but is oxidized using the method of the embodi 
ment. 

The oxidization of the invention can also be performed 
before the packaging stage but after the micromirror device is 
fully released. In this situation, the chamber of FIG. 1 in 
which the oxidization is performed can be the etching cham 
ber in which the micromirror device is released by removing 
the sacrificial materials. According to the embodiment, the 
oxygen-containing gas is introduced into the chamber for 
oxidizing the deformable hinge after the sacrificial materials 
are fully removed from the micromirror device and pumped 
out from the chamber. The same or similar oxidization 
method (e.g. the pressure, time period, temperature, oxygen 
containing gas and actuation state) for oxidizing the micro 
mirror device during the packaging stage can also be applied 
to oxidize the micromirror device before packaging and after 
the releasing of the micromirror device. 

In another embodiment of the invention, the oxidization of 
the present invention can be performed during the fabrication 
of the micromirror device. Specifically, the hinge can be 
oxidized after the deposition of the hinge layer and before or 
after the patterning of the oxidized hinge. The hinge can also 
be oxidized before or during the removing of the sacrificial 
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materials, which will be discussed in detail with reference to 
FIGS. 4a and 4b, in which the micromirror device of FIG.2a 
is fabricated. 

Referring to FIG. 4a, glass substrate 106 that is transmis 
sive to visible light is provided. Sacrificial layer 112 is depos 
ited on the substrate followed by deposition and patterning of 
mirror plate layer 108 to form a mirror plate of a desired 
shape. Sacrificial layer 114 is then deposited on the mirror 
plate. The two sacrificial layers are patterned so as to form 
two posts 116a and 116b and hinge via 116. On the patterned 
sacrificial layers, hinge Support layer 118 is deposited and 
patterned. 

According to an embodiment of the invention, an oxygen 
containing gas is introduced to oxidize the hinge layer. The 
oxidization can be performed after the hinge layer is depos 
ited and before or after the patterning of the hinge layer. The 
method can also be applied to pre-oxidize a hinge having 
multiple hinge layers wherein one or more of the hinge layers 
need to be oxidized. In this situation, the oxidization can be 
performed for each individual hinge layers that need to be 
oxidized. Specifically, oxidization can be performed after 
deposition of Such hinge layer and oxidize the hinge layer 
either before or after patterning the hinge layer. After oxidiza 
tion, other hinge layer(s) can then be formed thereon. Alter 
natively, the oxidization can be performed for some or all of 
the hinge layers that need to be oxidized after these hinge 
layers are formed. 

After the oxidization of the hinge Support layer, hinge layer 
110 is deposited and patterned on the oxidized hinge support 
layer. The oxidization can be performed after the hinge layer 
being deposited and before or after the patterning of the hinge 
layer. 

In another embodiment of the invention, the hinge Support 
layer is not oxidized before the deposition of the hinge layer. 
The hinge Support layer is patterned and oxidized along with 
the oxidization of the hinge layer either before or after the 
patterning of the hinge layer. 

After forming the hinge layer, the sacrificial layers are 
removed for releasing the micromirror device. This can be 
achieved by using selected vapor phase etchant, Such as an 
interhalogen (e.g. bromine fluorides), a noble gas halide (e.g. 
XeF) or HF or other suitable etching methods, such as etch 
ing techniques using energized (e.g. plasma) etchants. 

In yet another embodiment of the invention, the hinge and 
the hinge Support layer are oxidized during the release pro 
cess. Specifically, the oxidization is performed following the 
removal of a portion of the sacrificial layers. It is preferred 
that after the oxidization, the electrical resistance of the hinge 
is around 2 times or higher, or 4 times or higher than the 
resistance of the hinge before oxidization. 

In the above discussed examples of the invention, it is 
preferred that after the oxidization, the electrical resistance of 
the hinge is around 2 times or higher, or 4 times or higher than 
the electrical resistance of the deformable hinge before oxi 
dization. Alternatively, it is desired to oxidize an amount of 
material equivalent to 20% or more, or 40% or more, or 60% 
or more of the volume of the hinge. After oxidization, the 
remaining sacrificial layers are totally removed. 

In the above discussion, the oxidization is performed dur 
ing the fabrication of the micromirror structure of FIG.2a. It 
will be appreciated by those skilled in the art that the above 
discussion is for demonstration purposes only. Instead, the 
oxidization of the present invention can be applied to other 
microstructures, such as microelectromechanical devices 
having deformable elements. The method of the invention can 
also be performed during fabrication of other type of micro 
mirror devices. For example, the oxidization can be per 
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formed during fabrication of a microstructure that comprises 
a semiconductor Substrate, a hinge formed on the semicon 
ductor Substrate and a mirror plate on the hinge and attached 
to the substrate via the hinge. 

It will be appreciated by those of skill in the art that a new 
and useful processing method for oxidizing a deformable 
element of a microstructure has been described herein. In 
view of many possible embodiments to which the principles 
of this invention may be applied, however, it should be rec 
ognized that the embodiments described herein with respect 
to the drawing figures are meant to be illustrative only and 
should not be taken as limiting the scope of invention. For 
example, those of skill in the art will recognize that the 
illustrated embodiments can be modified in arrangement and 
detail without departing from the spirit of the invention. 
Therefore, the invention as described herein contemplates all 
Such embodiments as may come within the scope of the 
following claims and equivalents thereof. 

I claim: 
1. A method for processing a deformable element of a 

microstructure, comprising: 
deflecting the deformable element with an electrostatic 

field; and 
oxidizing the deformable element in an oxygen-containing 

gas other than air while the deformable element is in the 
deflected state. 

2. The method of claim 1, wherein the deflected deform 
able element is a hinge of a micromirror device that further 
comprises a mirror plate attached to the hinge on a substrate 
of the micromirror device. 

3. The method of claim2, wherein the step of deflecting the 
deformable element further comprises: deflecting the 
deformable element to an ON state that corresponds to a state 
wherein the mirror plate is rotated to an ON state angle of 
from 10° to 18° in a first rotation direction relative to the 
substrate. 

4. The method of claim 2, wherein the step of deflecting the 
deformable element further comprising: deflecting the 
deformable element to an OFF state that corresponds to a state 
wherein the mirror plate is rotated to an OFF state angle of 
from -0.1° to -8° relative to the substrate. 

5. The method of claim 1, wherein the gas comprises more 
oxygen than is generally present in air. 

6. The method of claim 1, wherein the oxygen-containing 
gas comprises OZone. 

7. The method of claim 1, wherein the oxygen-containing 
gas comprises air mixed with H2O. 

8. The method of claim 1, wherein the oxygen-containing 
gas comprises oZone mixed with H2O. 

9. The method of claim 1, wherein the oxygen-containing 
gas comprises oxygen mixed with H2O. 

10. The method of claim 1, wherein the oxygen-containing 
gas is oxygen plasma. 

11. The method of claim 1, wherein the oxygen-containing 
gas comprises hydrogen peroxide. 

12. The method of claim 1, wherein the oxygen-containing 
gas comprises acetic acid. 

13. The method of claim 1, wherein the oxidization is 
performed at a temperature of from 100° C. to 500° C. 

14. The method of claim 13, wherein the step of oxidizing 
further comprises: exposing the deformable element in the 
oxygen-containing gas for 1 minute to 500 hours or more. 

15. The method of claim 14, wherein the step of oxidizing 
further comprises: exposing the deformable element in the 
oxygen-containing gas for 50 hours or more. 
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16. The method of claim 14, wherein the step of oxidizing 
further comprises: exposing the deformable element in the 
oxygen-containing gas for 100 hours or more. 

17. The method of claim 1, wherein the step of oxidizing 
further comprises: oxidizing an element of the microstruc 
ture, wherein the element comprises a material that is an 
elemental metal, metalloid or metallic compound. 

18. The method of claim 1, wherein the step of oxidizing 
further comprises: oxidizing an element of the microstruc 
ture, wherein the element comprises a material that is a 
ceramic. 

19. The method of claim 1, wherein the step of oxidizing 
further comprises: oxidizing an element of the microstruc 
ture, wherein the element comprises a material that is poly 
crystalline. 

20. The method of claim 1, wherein the step of oxidizing 
further comprises: oxidizing an element of the microstruc 
ture, wherein the element comprises a material that is amor 
phous. 

21. The method of claim 1, wherein the step of oxidizing 
further comprises: oxidizing an element of the microstruc 
ture, wherein the element comprises a material that is nanoc 
rystalline. 

22. The method of claim 1, wherein the step of oxidizing 
further comprises oxidizing an amount of the material equiva 
lent to 20% or more of the volume of the deformable element. 

23. The method of claim 1, wherein the step of oxidizing 
further comprises oxidizing an amount of the material equiva 
lent to 50% or more of the volume of the deformable element. 

24. The method of claim 1, wherein the step of oxidizing 
further comprises: oxidizing the element such that the elec 
trical resistance of the element after oxidization is two times 
or more of the electrical resistance before oxidization. 

25. The method of claim 1, wherein the step of oxidizing 
further comprises: oxidizing the element such that the elec 
trical resistance of the element after oxidization is four times 
or more of the electrical resistance before oxidization. 

26. The method of claim 1, wherein the mirror plate com 
prises: 

a metallic reflective layer; and 
a light transmissive protecting layer for protecting oxidiza 

tion of the mirror plate during operation. 
27. A method of processing a deflectable element of a 

microelectromechanical device, the method comprising: 
oxidizing an amount of a material of the deflectable ele 
ment equivalent to at least 20 percent of the volume of 
the deflectable element by exposing the deflectable ele 
ment in an oxygen-containing gas other than air. 

28. The method of claim 27, wherein the deformable ele 
ment is a hinge of a micromirror device that further comprises 
a substrate and a mirror plate that is attached to the hinge Such 
that the mirror plate is operable to rotate on the substrate, and 
wherein the oxidizing of the hinge reduces changes in a rest 
state of the mirror plate over time. 

29. The method of claim 27, wherein the step of oxidizing 
further comprises: 

oxidizing the material of the deformable element at a tem 
perature of from 100° C. to 500° C. 

30. The method of claim 29, wherein the step of oxidizing 
the material of the deformable element further comprises: 

oxidizing an amount of the material of the deformable 
element equivalent to at least 60 percent of the volume of 
the deformable element. 

31. The method of claim 29, wherein the step of oxidizing 
the material of the deformable element further comprises: 
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oxidizing the deformable element such that the plastic 

deformation of the deformable element is reduced by at 
least 20 percent after a time period of from 2 minutes to 
10,000 hours. 

32. The method of claim 27, further comprising: 
introducing the oxygen-containing gas to the deformable 

element through a micro-opening of an assembly in 
which the deformable element is encapsulated, wherein 
the micro-opening has a dimension around 10 microme 
ters or less. 

33. The method of claim 32, wherein the step of introduc 
ing the oxygen-containing gas further comprises: 

a) loading the assembly into a chamber, 
b) introducing a first component of the oxygen-containing 

gas with a first pressure into the chamber; and 
c) introducing a second component of the oxygen-contain 

ing gas with a second pressure higher than the first 
pressure into the chamber. 

34. The method of claim 33, further comprising: 
pumping out the chamber Such that the pressure inside the 

chamber is lower than the first pressure; and 
repeating the steps b) and c). 
35. The method of claim 27, wherein the oxygen-contain 

ing gas comprises OZone. 
36. The method of claim 27, wherein the oxygen-contain 

ing gas comprises air mixed with H2O. 
37. The method of claim 27, wherein the oxygen-contain 

ing gas comprises ozone mixed with H.O. 
38. The method of claim 27, wherein the oxygen-contain 

ing gas comprises oxygen mixed with H.O. 
39. The method of claim 27, wherein the oxygen-contain 

ing gas is oxygen plasma. 
40. The method of claim 27, wherein the oxygen-contain 

ing gas comprises hydrogen peroxide. 
41. The method of claim 27, wherein the oxygen-contain 

ing gas comprises acetic acid. 
42. The method of claim 27, wherein the step of oxidizing 

further comprises: oxidizing the deformable element that 
comprises a material that is an elemental metal, metalloid, 
ceramic or metallic compound. 

43. The method of claim 27, wherein the step of oxidizing 
further comprises: oxidizing the deformable element com 
prising a material that is selected from a group comprising: 
polycrystalline, amorphousand nanocrystalline. 

44. The method of claim 27, wherein the step of oxidizing 
further comprises: oxidizing the element Such that the elec 
trical resistance of the element alter oxidization is two times 
or more of the electrical resistance before oxidization. 

45. The method of claim 44, wherein the step of oxidizing 
further comprises: oxidizing the element Such that the elec 
trical resistance of the element after oxidization is four times 
or more of the electrical resistance before oxidization. 

46. A method of making a micromirror device, comprising: 
providing a Substrate; 
forming a mirror plate and hinge on a sacrificial material on 

the substrate such that the mirror plate is attached to the 
Substrate via the hinge, further comprising: 
depositing a first sacrificial layer on the Substrate; 
forming a hinge on the first sacrificial layer, 
depositing a second sacrificial layer; and 
forming a mirror plate on the second sacrificial layer, 

removing the sacrificial material using a vapor phase 
etchant; and 

oxidizing the hinge in an oxygen-containing gas other than 
a1. 

47. The method of claim 46, wherein the vapor phase 
etchant comprises an interhalogen. 
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48. The method of claim 46, wherein the vapor phase 
etchant comprises a noble gas halide. 

49. The method of claim 48, wherein the noble gas halide 
is xenon difluoride. 

50. The method of claim 46, wherein the step of forming 
the mirror plate and hinge further comprises: 

depositing a first sacrificial layer on the Substrate, 
forming a mirror plate on the first sacrificial layer, 
depositing a second sacrificial layer; and 
forming a hinge on the second sacrificial layer. 
51. The method of claim 46, wherein the gas comprises 

more oxygen than is generally presented in air. 
52. The method of claim 46, wherein the oxygen-contain 

ing gas comprises OZone. 
53. The method of claim 46, wherein the oxygen-contain 

ing gas comprises air mixed with H2O. 
54. The method of claim 46, wherein the oxygen-contain 

ing gas comprises oZone mixed with H2O. 
55. The method of claim 46, wherein the oxygen-contain 

ing gas comprises oxygen mixed with H2O. 
56. The method of claim 46, wherein the oxygen-contain 

ing gas is oxygen plasma. 
57. The method of claim 46, wherein the oxygen-contain 

ing gas comprises hydrogen peroxide. 
58. The method of claim 46, wherein the oxygen-contain 

ing gas comprises acetic acid. 
59. The method of claim 46, wherein the oxidization is 

performed at a temperature of from 300° C. to 500° C. 
60. The method of claim 46, wherein the hinge comprises 

a material that is an elemental metal, metalloid or metallic 
compound. 

61. The method of claim 46, wherein the hinge comprises 
a material that is ceramic. 

62. The method of claim 46, wherein the hinge comprises 
a material that is polycrystalline. 

63. The method of claim 46, wherein the hinge comprises 
a material that is amorphous. 

64. The method of claim 46, wherein the step of oxidizing 
further comprises: oxidizing an amount of a material of the 
hinge equivalent to 20% or more in Volume of the hinge. 

65. The method of claim 46, wherein the step of oxidizing 
further comprises oxidizing an amount of a material of the 
hinge equivalent to 50% or more in volume of the hinge. 

66. The method of claim 46, wherein the step of oxidizing 
further comprises: oxidizing the element such that the elec 
trical resistance of the hinge after oxidization is two times or 
more of the electrical resistance before oxidization. 

67. The method of claim 46, wherein the step of oxidizing 
further comprises: oxidizing the binge Such that the electrical 
resistance of the element after oxidization is four times or 
more of the electrical resistance before oxidization. 

68. A method of making a micromirror device, comprising: 
providing a Substrate; 
forming a mirror plate and hinge on a sacrificial material on 

the substrate such that the mirror plate is attached to the 
Substrate via hinge; 

removing a portion of the sacrificial material using a vapor 
phase etchant such that at least a portion of the hinge is 
exposed; 

deflecting the hinge to a deflected state with an electrostatic 
field; 

Oxidizing the exposed hinge in an oxygen-containing gas 
other than air at the deflected state; and 

removing the remaining sacrificial material. 
69. The method of claim 68, wherein the step of forming 

the mirror plate and hinge further comprises: 
depositing a first sacriflcial layer on the Substrate; 
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forming a mirror plate on the first sacrificial layer, 
depositing a second sacrificial layer, and 
forming a hinge on the second sacrificial layer. 
70. The method of claim 68, wherein the step of forming 

the mirror plate and hinge further comprises: 
depositing a first sacrificial layer on the Substrate; 
forming a hinge on the first sacrificial layer; 
depositing a second sacrificial layer, and 
forming a mirror plate on the second sacrificial layer. 
71. The method of claim 68, wherein the gas comprises 

more oxygen than is generally presented in air. 
72. The method of claim 68, wherein the oxygen-contain 

ing gas comprises OZone. 
73. The method of claim 68, wherein the oxygen-contain 

ing gas comprises air mixed with H2O. 
74. The method of claim 68, wherein the oxygen-contain 

ing gas comprises oZone mixed with H2O. 
75. The method of claim 68, wherein the oxygen-contain 

ing gas comprises oxygen mixed with H2O. 
76. The method of claim 68, wherein the oxygen-contain 

ing gas is oxygen plasma. 
77. The method of claim 68, wherein the oxygen-contain 

ing gas comprises hydrogen peroxide. 
78. The method of claim 68, wherein the oxygen-contain 

ing gas comprises acetic acid. 
79. The method of claim 68, wherein the oxidization is 

performed at a temperature of from 300° C. or more. 
80. The method of claim 68, wherein the hinge comprises 

a material that is an elemental metal, metalloid or metallic 
compound. 

81. The method of claim 68, wherein the hinge comprises 
a material of SiN. TiN, or TiSiNy. 

82. The method of claim 68, wherein the hinge comprises 
a material that is polycrystalline. 

83. The method of claim 68, wherein the hinge comprises 
a material that is amorphous. 

84. The method of claim 68, wherein the step of oxidizing 
further comprises oxidizing an amount of a material of the 
hinge equivalent to 70% or more in volume of the hinge. 

85. The method of claim 68, wherein the step of oxidizing 
further comprises: 

oxidizing the element Such that the electrical resistance of 
hinge after oxidization is six times or more of the elec 
trical resistance before oxidization. 

86. The method of claim 68, wherein the step of oxidizing 
further comprises: 

oxidizing the hinge Such that the electrical resistance of the 
element after oxidization is eight times or more of the 
electrical resistance before oxidization. 

87. The method of claim 68, wherein the gas etchant com 
prises XeF. 

88. A method of making a micromirror device, comprising: 
providing a Substrate; 
depositing a hinge layer and a mirror plate layer on a 

sacrificial material on the Substrate; 
oxidizing and patterning the hinge layer to form an oxi 

dized hinge; and 
removing the sacrificial layer after the step of oxidizing. 
89. The method of claim 88, wherein the step of patterning 

is performed before oxidizing the hinge layer. 
90. The method of claim 88, wherein the step of patterning 

is performed after oxidizing the hinge layer. 
91. The method of claim 88, wherein the step of oxidizing 

the hinge further comprises: oxidizing the hinge in an oxy 
gen-containing gas. 

92. The method of claim 89, wherein the gas comprises 
more oxygen than is generally presented in air. 
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93. The method of claim 89, wherein the oxygen-contain 
ing gas comprises OZone. 

94. The method of claim 89, wherein the oxygen-contain 
ing gas comprises air mixed with H2O. 

95. The method of claim 89, wherein the oxygen-contain 
ing gas comprises oZone mixed with H2O. 

96. The method of claim 89, wherein the oxygen-contain 
ing gas comprises oxygen mixed with H2O. 

97. The method of claim 89, wherein the oxygen-contain 
ing gas is a downstream oxygen plasma. 

98. The method of claim 89, wherein the oxygen-contain 
ing gas comprises hydrogen peroxide. 

99. The method of claim 89, wherein the oxygen-contain 
ing gas comprises acetic acid. 

100. The method of claim 89, wherein the hinge comprises 
a material that is an elemental metal, metalloid or metallic 
compound. 

101. The method of claim 89, wherein the hinge comprises 
a material that is ceramic. 

102. The method of claim 89, wherein the hinge comprises 
a material that is polycrystalline. 

103. The method of claim 102, wherein the hinge com 
prises a material that is amorphous. 

104. The method of claim 89, wherein the step of oxidizing 
further comprises oxidizing 20% or more in thickness of the 
hinge. 

105. A method of making a micromirror device, compris 
ing: 

providing a Substrate; 
forming a mirror plate and hinge on a sacrificial layer on 

the substrate such that the mirror plate is attached to the 
substrate via the hinge: 

removing the sacrificial layer, and 
cleaning and oxidizing the micromirror device, further 

comprising: 
providing a gas that is an oxygen-containing gas other 

than air, the oxygen-containing gas cleaning the 
micromirror and oxidizing an amount of the material 
of the hinge equivalent to at least 25% in volume of 
the hinge. 
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106. The method of claim 105, wherein the oxygen-con 

taining gas comprises OZone. 
107. The method of claim 105, wherein the oxygen-con 

taining gas comprises air mixed with H2O. 
108. The method of claim 105, wherein the oxygen-con 

taining gas comprises oZone mixed with H2O. 
109. The method of claim 105, wherein the oxygen-con 

taining gas comprises oxygen mixed with H2O. 
110. The method of claim 105, wherein the oxygen-con 

taining gas is oxygen plasma. 
111. The method of claim 105, wherein the oxygen-con 

taining gas comprises hydrogen peroxide. 
112. The method of claim 105, wherein the oxygen-con 

taining gas comprises acetic acid. 
113. The method of claim 105, wherein the hinge com 

prises a material that is an elemental metal, metalloidor 
metallic compound. 

114. The method of claim 105, wherein the hinge com 
prises a material that comprises titanium and aluminum. 

115. The method of claim 105, wherein the hinge com 
prises a material that is polycrystalline. 

116. A method for processing a deformable element of a 
microstructure, comprising: 

deflecting the deformable element; and 
oxidizing the deformable element in an oxygen-containing 

gas other than air while the deformable element is in the 
deflected State, further comprising: 
oxidizing an amount of the material equivalent to 20% or 

more of the volume of the deformable element. 
117. A method for processing a deformable element of a 

microstructure, comprising: 
deflecting the deformable element; and 
oxidizing the deformable element in an oxygen-containing 

gas other than air while the deformable element is in the 
deflected State, further comprising: 
oxidizing the element such that the electrical resistance 

of the element after oxidization is two times or more 
of the electrical resistance before oxidization. 


